B y S ir A l a n C o t t r e l l , F .R .S . 
fam ily w ith m an y relatio n s living n earb y . L a te r in life G eoffrey R aynor m issed th e 'sm all to w n ' a tm o sp h e re of his early days in N o ttin g h a m .
H is fam ily w as n o t academ ic, his fath e r b ein g a lace d re s s e rs ' m anager, b u t he was en c o u ra g e d to w ork at his stu d ies in th e local in fa n t and p rim a ry school at W est B rid g fo rd , as a resu lt o f w h ich he w on a sch o larsh ip w h ich took him to N o ttin g h a m H ig h School in 1925. T h is was a m o st decisive step. T h e H ig h School had a tre m e n d o u s influence on h im and laid th e fo u n d atio n s for all his fu tu re academ ic life. W ith the general e n c o u ra g e m e n t of th e H e a d m aster, C. L . R eynolds, and th e wise and k in d help of his c h e m istry m aster, G . rein fo rced by m any h a p p y h o u rs sp e n t at hom e w ith a M eccano set, G eoffrey R a y n o r developed rap id ly into a fine scholar w ho was regularly rew a rd e d w ith school prizes in c h e m istry and science generally. H is love of scientific stu d y was, how ever, alw ays balanced by a d elig h t in sp o rt. H e w on his ru g b y colours and also enjoyed sh ooting, w in n in g the m u sk etry prize on tw o occasions, and sw im m ing; b u t his m ain and long -lastin g d elig h t was in row ing. H e becam e C ap tain of B oats in 1931/2.
A n o th e r in te re st was in m usic. T h e R ay n o r fam ily w ere very m usical and sang to g eth e r at hom e ro u n d the piano. G eoffrey, his fath er and b ro th e r, w ere all m em b e rs of the ch o ir at S t G ile s', W est B rid g ford. G eoffrey h im self becam e a fair p ian ist, p a rticu la rly on C h o p in , S c h u m an n and the o th e r n in ete en th ce n tu ry m asters, and he kept this up th ro u g h o u t m u c h of his life, in fact u n til he was fo rced to a b a n d o n it in 1954 a fter an a ccid en t w h ich p e rm a n e n tly d a m ag ed one of his fingers. In later years his lifelong love of m u sic e x p a n d e d into a d e v o tio n to th e ballet and, to a lesser e x te n t, o p e ra and d ram a . W h e n e v e r th e d e m a n d s o f w ork p e rm itte d , he in v ariab ly w en t to a co n cert.
T h e d e a th o f his fa th e r in 1927 b ro u g h t a crisis for th e fam ily. A t a tim e o f in d u stria l d e p re ssio n , w hen jo b s w ere scarce, his w id o w ed m o th e r th o u g h t th a t th e safest p lan for G eoffrey w o u ld be to leave school at th e age o f 16, w ith a G e n e ral S chool C ertificate, a n d take a safe jo b in a bank. T h e school e v en tu ally p e rsu a d e d h e r in stead to let h im stay on in th e sixth form , to take th e H ig h e r School C ertificate, b u t h e r anxieties re tu rn e d tw o years later, w h e n she w a n te d h im to take a safe la b o ra to ry jo b in B oots or B ritish C elanese, at the age of 18. H o w ev er, he w on in 1931 a N o ttin g h a m C o u n ty M a jo r S c h o larsh ip to a u n iv ersity . A rm e d w ith th is ju stific a tio n of th e ir faith and p rid e in h im , th e school p o in te d him firm ly in th e d ire c tio n of O x fo rd and, d e sp ite th e d e p th of th e d e p re ssio n at th a t tim e, also p e rsu a d e d his m o th e r to let h im m ake w h at was for h e r a hig h ly d o u b tfu l v e n tu re into a stra n g e and in secu re w orld.
T h is b ro u g h t h im in O c to b e r 1932 as a C o m m o n e r in to K eb le C ollege, in to th e w o rld o f g reat row ing, w h ich he took u p w ith alacrity, and even m o re into th e w o rld of O x fo rd c h e m istry d u rin g th e b rillia n t p e rio d th a t had b e g u n w ith S o d d y and was in 1932 flo u rish in g u n d e r such n am es as R o b e rt R o b in so n and C yril H in sh e lw o o d . T h is was for G eoffrey R ay n o r th e e lectrify in g effect of N o ttin g h a m H ig h School all over again, b u t deliv ered th is tim e rig h t up at th e fro n tie rs of know ledge, by som e of th e finest scientific m in d s of the tim e. U n d e r th e g u id an ce of his tu to rs, F. M . B rew er in in o rg an ic c h e m istry and G . D . P arkes in organic c h e m istry , he read for th e F in al H o n o u r S chool of N a tu ra l Science and took P a rt I in 1935. F o r his P a rt I I , th e research year, he chose to w ork in th e in o rg an ic field and at B re w e r's su g g estio n he e n te re d W illiam H u m e -R o th e ry 's g ro u p and gained first class h o n o u rs in 1936.
T h ro u g h o u t his u n d e rg ra d u a te years he row ed every afte rn o o n . As reg ard s ball gam es, he avoided these for alth o u g h his sig h t was clear he h ad difficulty in follow ing the tracks of fast m o ving objects. C rick et and ten n is w ere th u s n o t for him . B ut row ing was a d ifferen t m a tte r. H e w on several scu llin g races at O xfo rd and N o ttin g h a m and was in th e K eble first b o at for m u c h of his tim e th e re , in clu d in g visits to H enley. H e also row ed in th e U n iv e rsity T ria l E ig h ts in 1934, b u t at 10 st. 8 lb [67 kg] was ju d g e d too light for th e Blue Boat.
As w ith N o ttin g h a m H ig h School and th en K eble C ollege and O xford c h e m istry , so w ith H u m e -R o th e ry cam e a n o th e r and finally decisive influence on G eoffrey R a y n o r's scientific d e v elo p m en t. T h e electron th eo ry of m etals and alloys was grow in g at a m o st tre m e n d o u s and ex h ilaratin g pace in 1936. H u m e -R o th e ry h im se lf h ad c o n trib u te d significantly to its p io n ee rin g phase w ith an im p o rta n t book on The metallic s t a t e , in 1931, a n d th e zone th e o rie s o f B loch, B rillo u in , M o tt and Jo n e s w ere b e g in n in g to o p e n u p e n tire new in sig h ts. H u m e -R o th e ry was also c o n trib u tin g p o w e rfu lly th ro u g h th e e x p e rim e n ta l stu d ie s w hich he a n d his g ro u p , financed by th e M in is try o f S u p p ly , th e M in is try of A irc ra ft P ro d u c tio n a n d th e R oyal S ociety, w ere m ak in g of th e influences of e le c tro n ic a n d ato m ic size facto rs on th e c o n s titu tio n of alloys and th e ex isten ce of in te rm e ta llic c o m p o u n d s. It w as a m o st ex citin g research g ro u p . G eoffrey R a y n o r e n te re d in to it h e a rt and soul; and to such good effect th a t w ith in a very few years it h ad b eco m e w idely k n o w n as th e 'H u m e -R o th e ry and R a y n o r' rese a rc h g ro u p .
T h e in te n sity of his rese a rc h effort d u rin g th o se years m e a n t th a t serio u s ro w ing, every a fte rn o o n , w as no lo n g er possible. B ut H u m e -R o th e ry in tro d u c e d h im to a new in te re st, tro u t fishing, and th ey sp en t m an y h a p p y h o u rs to g e th e r fishing C o tsw o ld stre a m s in th e 'Red S p in n e rs ' society.
D u rin g his very active p e rio d as a research stu d e n t, fro m 1936 to 1939, w h ich c u lm in a te d in th e aw ard of th e D .P h il. in 1939, as well as the M .A ., R a y n o r was financially s u p p o rte d by v ario u s research a ssista n tsh ip s and he also s u p p le m e n te d his incom e by b e c o m in g a U n iv e rsity D e m o n s tra to r in In o rg a n ic C h e m istry .
In th e lab o ra to ry w as one of J. W . L in n e tt's stu d e n ts, E m ily Jean B rockless, w ho h ad com e up to O x fo rd , at L ad y M a rg a re t H all, in 1938 a n d w as read in g physical c h e m istry . A lth o u g h th ey m et th e re and also at th e J u n io r Scientific C o n v ersazio n e, th ey did n o t really get to know each o th e r u n til a fter 1939. T h e w a rtim e p e rio d in O xfo rd b ro u g h t th em to g e th e r, p a rtly th ro u g h D e m o n stra tin g , b u t also th ro u g h a sh ared love of th e th e a tre , w h ich th ey visited to g e th e r reg u larly . G eoffrey, follow ing u p o n his agreeable ex p erien ces in the O .T .C . at N o ttin g h a m H ig h S chool, h ad trie d to jo in the A rm y , b u t was refu sed release from the scientific w ork for th e w ar effort to w hich the H u m e -R o th e ry and R aynor g ro u p h ad by th e n tu rn e d . Jean B rockless also began to do w artim e research , u n d e r th e gu id an ce of L in n e tt, w h ich led h e r to the D .P h il., b u t as h e r w ork was as heavily classified as th a t of G eoffrey R a y n o r's and in a d ifferen t field, c u rre n t research w as the one topic th a t they did no t discuss to g e th e r, even th o u g h th ey w ere w orking in the sam e b u ild in g . G eoffrey and Jean becam e engaged in early 1942 and w ere m a rrie d the follow ing year, on 29 Ju ly 1943, at S t B arnabas, T e m p le F o rtu n e , L o n d o n N .W .l 1. T h e y set up hom e to g e th e r in a b a sem e n t flat in n o rth O xford. It was a h a p p y m arriag e and th e first of th e ir th re e sons, Jo h n , was b o rn in 1944.
A t th e end of th e w ar G eoffrey was faced w ith a m ajor decision. H e and Jean did n o t w an t to leave O xford, to w hich th ey w ere u tte rly devoted, b u t fam ily resp o n sib ilities had to be co n sid ered and the p ro sp e c t of an y th in g m ore th a n a h a n d -to -m o u th existence in p o stw ar O xford at th at tim e seem ed ra th e r poor. A m ove had to be m ade. Several possibilities w ere co n sid ered and the one he accepted was an I .C .I. R esearch F ello w sh ip offered by P ro fesso r D an iel H a n so n of th e D e p a rtm e n t of M e ta llu rg y at B irm in g h am U n iv e rsity . A n d so in 1945 th e R a y n o r fam ily m oved to B irm in g h am , d e te rm in e d to stay for only five years b u t little realizing th a t th ey w ere going to becom e c a p tiv ate d again, th is tim e p e rm a n e n tly .
M e ta llu rg y at B irm in g h am was a b o u t to flo u rish m o st rem ark ab ly . T h e p rim e m o v er w as H a n so n , th e head of th e d e p a rtm e n t, a m an of ex cep tio n al w isd o m , fo resig h t and g en ero sity . T h e science o f m etals had alw ays b een his m ain in te re st and, in p e rsu a d in g G eoffrey R a y n o r to jo in th e d e p a rtm e n t and the D e p a rtm e n t of S cientific and In d u stria l R esearch (D .S .I .R .) to fu n d research on w h at was for th o se days a large scale, H a n so n cre a te d th e co n d itio n s for realizing one of his g reat am b itio n s, th e p o stw a r renaissance of m etallu rg ical science in term s of m o d e rn physics. W ith R ay n o r th e re , H a n s o n 's d e p a rtm e n t rap id ly grew into a m ost rem ark ab le one in tw o key respects. F irst, in its scientific em in en ce, w hich largely ste m m e d fro m R a y n o r h im se lf an d th e b rillia n t research g ro u p th a t he estab lish ed . S econdly, fro m m y ow n p e rso n a l ex p erien ce, it was an o u tsta n d in g ly h a p p y and h a rm o n io u s d e p a rtm e n t, a p e rm a n e n t sy m p o siu m o f frie n d ly and s tim u la tin g colleagues. T h e general style was set by H a n so n him self, w ho d ev o ted h im se lf to p ro v id in g th e general facilities and th e n gen ero u sly stood back to let th e y o u n g m en have th e ir heads; b u t R ay n o r h im se lf c o n trib u te d g reatly th ro u g h his q u ie t good h u m o u r, calm te m p e ra m e n t, and read in ess alw ays to recognize and give full c re d it to the w ork of o th ers. R ay n o r b u ilt up and m ain ta in e d for m any years a large research g ro u p on the c o n stitu tio n of alloys. M o stly he re c ru ite d his research stu d e n ts from th o se he h ad tra in e d h im self as u n d e rg ra d u a te s in th e d e p a rtm e n t at B irm in g h am . H e took an active p a rt in u n d e rg ra d u a te teach in g and his lectu res are rem e m b e red to th is day by his erstw h ile stu d e n ts for th e ir excellence and in sp iratio n . D r D av id D e w -H u g h e s, one of th em , has d e scrib ed to m e his experiences as follows:
'T h irty years ago, the late P ro fesso r G . V. R ay n o r ta u g h t an u n d e rg ra d u a te course w hich, on reflection, was p ro b ab ly th e best course of in stru c tio n th a t I have ever received. . . . W h at m ade it such an excellent course was no t th e in te re stin g su b ject m a tte r, n o r th e su p e rb q u ality of in stru c tio n , b u t th a t " G .V ." had b u ilt the w hole course a b o u t the alloying b e h a v io u r of m ag n esiu m . . . . T h e choice of m ag n esiu m was in sp ired . . . after th irty years I am still im p ressed by the elegance w ith w hich the alloy b e h a v io u r of one elem en t was used to reveal the en tirety of alloy b e h a v io u r.' N o t su rp risin g ly , w ith R a y n o r's b rillia n t and pow erful c o n trib u tio n to the scientific renaissance at B irm in g h am and w ith H a n s o n 's e n th u sia stic su p p o rt in the U n iv e rsity , his a d v an cem en t was m eteoric. H e becam e R eader in 'T heoretical M e ta llu rg y in 1947, P ro fesso r of M etal P hysics in 1949, P ro fe sso r o f P hysical M e ta llu rg y in 1954, an d F een ey P ro fe sso r of P hysical M e ta llu rg y and h ead o f th e d e p a rtm e n t in 1955 . H e also took his O x fo rd D .S c . in 1948.
G eoffrey a n d Je an h ad tw o m o re sons w hile at B irm in g h a m and took tre m e n d o u s p rid e in all th re e , n o t least in th e fact th a t th ey all w on places at K in g E d w a rd 's School an d th e n later at O x fo rd . G eoffrey greatly en joyed in tro d u c in g th e m to M eccan o and tea c h in g th e m how to use tools, how to sw im , a n d o th e r sim ila r th in g s. F am ily life was alw ays very im p o rta n t a lth o u g h th e d e m a n d s of w ork m e a n t th a t he was n o t able to sp e n d as m u c h tim e w ith th e m as he w o u ld have liked. H o lid ay s w ere tak en in v ario u s places, at the seaside w h en th e boys w ere young, b u t later in S c o tla n d , Ire la n d an d th e L ake D istric t, m ain ly fell-w alking and v isitin g h isto ric m o n u m e n ts. G eoffrey re g re tte d th a t he an d Jean had had no d a u g h te rs b u t consoled h im se lf w ith th e reflection th a t his th ree d a u g h te rs -in -la w , the excellent choices of d isc rim in a tin g and in te llig en t y o u n g m en , w ere u n d o u b te d ly b e tte r th an co uld have been p ro v id e d by m ere g en etic chance! W ith his long academ ic exp erien ce, quick b ra in , good ju d g e m e n t, calm te m p e ra m e n t, and capacity for g e ttin g th ro u g h vast a m o u n ts of w ork rap id ly and in o rd erly m a n n e r, it was in evitable th a t R ay n o r sh o u ld be even tu ally d raw n in to u n iv ersity a d m in istra tio n . F ro m 1966 to 1969 he p resid e d , as D ean , over th e F a c u lty of Science and E n g in e erin g at a tim e of ex p an sio n and c o n stitu tio n a l change. Several new b u ild in g s w ere b e g u n or c o m p le te d and plans m ade for th e R ad iatio n C e n tre , a new m icro b io lo g y b u ild in g and th e se ttin g up of a 1 M V electro n m icroscope. T h e F a c u lty was reo rg an ized into a G ro u p system , w ith separate c o m m ittees for Physical Sciences, Biology and E n g in eerin g ; and tw o B oards of S tu d ie s, u n d e rg ra d u a te and p o stg ra d u a te , w ere also set up to take over fu n ctio n s of p rev io u s b o a rd s and co m m ittees. T h e s tre n g th and so u n d n e ss of th is s tru c tu re is d e m o n stra te d by the fact th a t it c o n tin u e d u n til very recen tly and p ro v id e d an effective and efficient faculty a d m in istra tio n . T h e B oard of th e F acu lty was re s tru c tu re d acco rd in g to the sp irit of the tim es, w ith increased n o n -p ro fe sso ria l staff re p re se n tatio n and s tu d e n t atten d an ce; and a S tu d e n t F acu lty C ouncil was fo rm ed . C loser to his ow n in terests, R aynor was also m u ch involved in the fo rm a tio n in 1969 of the School of M etallu rg y , w hich in co rp o rate d the tw o d e p a rtm e n ts of P hysical M e ta llu rg y and of In d u stria l M etallu rg y .
R ay n o r exem plified the general rule th a t once one takes a serious step into a d m in istra tio n , m o re and d eep er steps follow inexorably. In 1969 he becam e D e p u ty P rin cip al of th e U n iv e rsity , an office th a t was in te n d e d to stre n g th e n th e central a d m in istra tio n by relieving the V ice-C hancellor of som e heavy loads. H e held the office un til 1973, th ro u g h possibly the m ost tu rb u le n t and difficult years in the histo ry of the U n iversity. T h e re is little d o u b t th a t he did no t m u ch enjoy the office, b u t th a t he did his d u ty in it at all tim es co n scien tio u sly , w ith g reat skill and care.
H e did n o t enjoy it for tw o reasons. F irst, because th e re was m u ch b itte rn e ss and ten sio n in the U n iv e rsity follow ing a g reat sit-in in 1968.
As D e p u ty P rin c ip a l, R a y n o r b ecam e c h a irm a n o f th e A cadem ic A p p o in tm e n ts C o m m itte e at a tim e w h en the stra in s, d u e to th e s tu d e n t revolt and to the s u p p o rt given to it by som e m e m b e rs of th e academ ic staff, w ere very in ten se and m is tru s t was rife. W ith ex em p lary fairness and stead in ess he steered th e U n iv e rsity th ro u g h m an y difficult n e g o tia tions; and how ever m u ch he was a ttack ed as a c e n tral figure in th e U n iv e rsity e sta b lish m e n t, he n ev er lost his re p u ta tio n for im p a rtia lity and fair dealing, even d u rin g th e e x trem es of co n tro v e rsy over p ro p o se d academ ic a p p o in tm e n ts. It was said o f him , as a resu lt o f his firm sta n d on one p a rtic u la rly divisive issue, th a t he had 'saved the U n iv e rs ity '. A lth o u g h he h a n d le d these sto rm s w ith g reat skill, u rb a n ity , co u rte sy an d fairness, they w ere pain fu l ex p erien ces for him , p a rtly because of th e to tally u n w a rra n te d vilification to w hich he was su b je c ted and p artly because the spectacle o f irra tio n al forces on th e ram p ag e did n o t accord at all w ith his idea of a u n iv ersity or w ith his p rin c ip le s of lucid, ratio n al, reasonable, a rg u m e n t.
T h e o th e r reason w hy he did n o t enjoy the D e p u ty P rin c ip a lsh ip was th a t th e a d m in istra tiv e d e m a n d s o f the jo b w ere so a ll-co n su m in g . N o t only w ere th ere over 40 c o m m ittees to w hich he had to go, m an y o f th em as c h a irm a n , b u t m u ch of th e detailed w ork re q u ire d of h im was as trivial as it was tim e-c o n su m in g . As he once said to Jean after a p a rtic u la rly ted io u s m ee tin g 'you do no t need to be an F .R .S . to decide th e p rice of chips in the re fe c to ry '. A m ong his u n p u b lish e d p a p e rs was fo u n d the follow ing revelation of his p riv ate feelings: H is p re d ic a m e n t in fact p erfectly illu stra te d th e classical p ro b le m of the d istin g u ish e d scholar d raw n into heavy a d m in istra tio n . A leading academ ic figure is w an ted , to in sp ire confidence and gain th e resp ect of staff and stu d e n ts; yet, at the sam e tim e, th e detailed w ork of th e jo b is u n su ita b le and too tim e -c o n su m in g for such a p erson. R ay n o r gave up the D e p u ty P rin c ip a lsh ip in 1973 p a rtly for the above reasons b u t also because he h ad for a few years becom e increasingly unw ell and had had to go to h o spital for op eratio n s. F o rtu n a te ly he had retain ed a personal C h a ir in the M e ta llu rg y D e p a rtm e n t, now led by P rofessor S m allm an w ho had succeeded him as F eeney P rofessor, and m anaged to keep a trace of research going d u rin g his a d m in istra tiv e period. It was th u s w ith great joy and renew ed v igour th a t he re tu rn e d to research again and th en kept it going at full pace for th e rem a in in g ten years o f his life. It w as for h im a n o th e r scientific ren aissan ce and he took p a rtic u la r p lea su re in reaw ak en in g g eneral in te re st in phase d iag ram s and th e c o n s titu tio n of alloys, as w ell as lin k in g up w ith o th e r research g ro u p s w o rk in g in th e field, in in d u stry an d also in u n iv ersitie s a ro u n d the w o rld . E v ery o n e looked n a tu ra lly to R ay n o r as th e w o rld leader and m o st sen io r figure in th e science o f alloy phases. H e w as g reatly in d e m a n d by m an y b o d ies an d p a rtic u la rly enjoyed his a p p o in tm e n t as the first C h a irm a n of th e A lloy P hase D ia g ra m D a ta C o m m itte e of the M etals S ociety, as well as his m e m b e rsh ip of th e In te rn a tio n a l C o uncil of the D a ta P ro g ra m fo r A lloy P hase D ia g ra m s, a w o rld -w id e org an izatio n a rra n g e d by th e A m e ric an S ociety for M etals and th e U .S . B u reau of S ta n d a rd s.
H e a n d Je an loved trav el, and his m an y in v itatio n s to overseas visiting p ro fe sso rsh ip s e n ab led th e m to sp e n d several p erio d s in o th e r co u n tries. S ta rtin g w ith a V isitin g P ro fe sso rsh ip of M e ta llu rg y at the U n iv e rsity of C hicago in 1951-52, he w en t on to a B attelle V isiting P ro fesso rsh ip at O hio S tate U n iv e rsity in 1962, a R oyal Society L e v e rh u lm e V isiting P ro fe sso rsh ip at th e U n iv e rsity of th e W itw a te rsra n d in 1974, a V isiting P ro fe sso rsh ip at the U n iv e rsity of N ew S o u th W ales in 1975, and a C an ad ian C o m m o n w e a lth V isiting F ello w sh ip at Q u e e n 's U n iv e rsity in 1979. A t the tim e of his d e a th , he and Jean w ere p lan n in g a fu rth e r visit to A u stralia, a c o u n try th a t they h ad b o th com e to love p a rtic u la rly strongly, especially S ydney. L ate in life he re g re tte d th a t earlier c o m m itm en ts had p re v e n te d him fro m accep tin g in v itatio n s to take a p ost there.
G eoffrey and Jean by no m eans confined them selves to professional travel and, as far as possible, th ey kep t it q u ite separate from holiday travel. G eoffrey loved ships, often w ishing th a t he h ad gone to sea, w ith the resu lt th a t cruises to places such as G reece, the B altic and W est A frica fo rm ed th e basis of m any of th e ir holidays in later years.
H o n o u rs cam e to h im a b u n d a n tly over the years, b e g in n in g w ith the H is electio n to an H o n o ra ry F e llo w sh ip at K eb le in 1972 and to th e P re sid e n c y of th e K eb le A sso ciatio n in 1974 gave h im p a rtic u la r p leasu re. H e g rea tly en jo y ed th e social aspect of th ese links w ith his old C ollege an d he a n d Je an w e n t to m an y of K e b le 's fu n ctio n s, as th ey did also to sim ilar fu n c tio n s at th e A th e n a e u m , of w hich he h ad becom e a m e m b e r, an d R oyal S ociety soirees.
H
O n e of his in te re sts late in life, in a d d itio n to m usic, ballet, travel and civilized social occasions, was read in g . H e h ad w ide tastes, m ain ly in h isto ry , b u t s u rp risin g ly n o t in science. O n occasion he said to Jean th a t, given a chance to s ta rt all over again, he w o u ld have chosen an arts su b ject ra th e r th a n science. It is h a rd to know w h e th e r th is w as ju s t a casual g ru m b le or a serious rem a rk . O n the one h a n d is th e fact th a t th e books he k e p t close at h a n d in his last years w ere all on su b jects su ch as th e e ig h te e n th -c e n tu ry F r e n c h -I n d ia n w ar, th e m ediaeval u n iv ersity , C u lloden, and W illiam th e S ilent; against th is is th e o bvious d e lig h t he fo u n d , rig h t up to his se v en tieth b irth d a y , in w o rk in g on alloy p hase d iag ram s and in keeping in to u ch w ith o th e r g ro u p s in th e field. H e left on his desk several finished m a n u sc rip ts of th e latest in v estig atio n s he h ad m ade of various alloy system s; and these are now in process o f p u b lic a tio n to c o n tin u e th e long series th a t he began and su sta in ed over m an y years. P e rh ap s his final am bivalence b etw een arts and science ow ed so m e th in g to a sm all in cid e n t on a H ellen ic cruise, at E p h esu s. O ne o f th e o th e r m em b e rs of th e p a rty cam e up to G eoffrey and asked h im to d e c ip h e r and tra n sla te an in sc rip tio n . H e said th a t he was sorry b u t he could n o t read G reek. 'O h, d o n 't y o u ', the lady rep lied in a sto n ish m e n t, 'we th o u g h t you w ere a p ro fe sso r'. F o rtu n a te ly his 14 year old son saved th e day w ith a ready tra n sla tio n .
A lth o u g h in v ariab ly good h u m o u re d , calm , co n sid erate, and o u tw a rd ly ch eerfu l, G eoffrey R ay n o r was h a u n te d th ro u g h o u t his life by the m em o ry o f his fa th e r's su d d e n d e a th in 1927 and of th e difficulties th a t his th u s im p o v erish ed m o th e r th en faced in stru g g lin g to b rin g up her fam ily. T h is left him w ith a deep, h id d en , sense of th e u n p re d ic ta b le , v u ln e ra b le an d tra n s ito ry n a tu re of life a n d also w ith a stro n g d e te r m in a tio n to gain a secu re fu tu re for his fam ily. H is early e x p erien ce of the m u ta b ility o f h u m a n affairs m ay p e rh a p s ex p lain w hy he alw ays took such p a in s to keep his ow n affairs in an o rd e rly an d re g u la r state. P ro fesso r S m a llm a n has n o te d th a t, even w h e n G eo ffrey w e n t to h o sp ita l on his se v e n tie th b irth d a y , he left all th e p a p e rs on his desk in an im p eccab ly well o rg an iz ed state. T h e p rec isio n an d p e rfe c tio n th a t he b ro u g h t to all his w o rk m ay have b een his defiant and c h a ra c te ristic a lly civilized rea c tio n to an irra tio n a l a n d ch aotic w o rld . E ach of his days w o u ld sta rt w ith a w alk ro u n d his garden*, to refresh h im se lf an d to see th a t all was w ell, a fte r w h ich he w o u ld set off, b id d in g farew ell to Jean w ith the c h a ra c te ristic a lly w ry jo k e 'If I d o n 't com e back . . .'.
S c i e n t i f i c w o r k a t O x f o r d
R a y n o r jo in e d H u m e -R o th e ry 's rese a rc h g ro u p in th e O ld C h e m istry D e p a rtm e n t, th e U n iv e rsity M u se u m , im m ed ia te ly afte r g ra d u a tin g in 1936. By th e n th e basic p rin c ip le s of alloy fo rm a tio n , th e 'H u m e -R o th e ry R u le s '-th e rule of fav o u rab le ato m ic size facto r for extensive p rim a ry solid so lu tio n , th e e s ta b lish m e n t of critical e lectro n c o n c e n tra tio n s at w h ich m an y alloy phases exist or reach th e ir lim its o f stab ility , the c o n c ep t of 'e le c tro n c o m p o u n d s ', and th e reco g n itio n of th e im p o rta n c e of th e e lectro n eg ativ e valency effect-h ad p ro v ed triu m p h a n t in th e ir a p p lic atio n s to alloys of m an y m etals dissolved in or c o m b in e d w ith co p p e r, silver or gold. A lth o u g h th e initial discoveries h ad already been m ade, R a y n o r n e v e rth ele ss b ro u g h t such intellectu al force and e x p e ri m en tal d riv e to b e a r th a t, w ith in a few years, 'H u m e -R o th e ry and R a y n o r' had becom e th e m ost fam ous p a rtn e rs h ip , certain ly since H eycock and N eville, in th e science of the c o n stitu tio n o f alloys.
As a research stu d e n t, R ay n o r c o n trib u te d to th e final phase of the sy ste m atiz a tio n of c o p p e r-b a se d alloys w ith an e x p e rim e n tal stu d y of th e c o p p e r-g a lliu m system , w h ich h elp ed to estab lish yet m ore firm ly the a p p licab ility of th e H u m e -R o th e ry rules to such fam ilies of alloys; b u t his m ain c o n trib u tio n s w ere in tw o new d ire c tio n s, th e ex p lo ratio n of alloys based on a m etal of h ig h e r valency such as m ag n esiu m , w hich had not b een a tte m p te d befo re by the H u m e -R o th e ry a p p ro ach , and the a p p li cation of th e new ly developed q u a n tu m -m e c h a n ic a l th eo ry of m etallic crystals, especially the B rillouin zone theories of M o tt and Jones, to the ex p lan atio n of th e H u m e -R o th e ry rules and of th e various individual featu res of p a rtic u la r alloy system s. T h e se th eo ries w ere based on the c o n stru c tio n , in the m o m e n tu m space of the co n d u ctio n electrons, of planes th a t enclose the origin sy m m etrically , as a sequence of boxes or 'z o n e s', and delineate the c o n d itio n s for B ragg reflection of the electrons by various c ry stallo g rap h ic planes. W h en these c o n d itio n s are satisfied, or nearly so, the en erg ies of the e le c tro n s involved can be stro n g ly p e rtu rb e d , w ith c o n se q u e n t significant effects on th e th e rm o d y n a m ic sta b ility of th e alloy phase in q u e stio n w hen its co m p o sitio n p ro v id e s an e le c tro n c o n c e n tra tio n th a t b rin g s th e F e rm i surface in to th e v icin ity o f a zone b o u n d a ry .
1 he influence of th ese ideas u p o n R ay n o r, and th en c e u p o n H u m e -R o th e ry , is well show n in an early p a p e r of th e irs on factors affecting the c o n s titu tio n of m a g n e siu m -ric h alloys (1). W h e n th e ato m ic size an d electro ch em ical factors o f p o ten tia l solutes are fav o u rab le, th e n m a g n e siu m behaves like c o p p e r and silver in a c co m m o d a tin g su ch so lu tes in w ide ranges o f p rim a ry solid so lu tio n , e.g. A l, In , T1 in M g. T h e p ro b le m im m ed ia te ly facing H u m e -R o th e ry and R ay n o r, h ow ever, w as w hy zinc and c a d m iu m do n o t behave like m ag n e siu m , b u t in stead accep t very little of th ese p a rtic u la r solutes in p rim a ry so lu tio n . T o solve th is they tu rn e d to the B rillo u in zones of th e clo se-packed hexagonal crystal s tru c tu re , w h ich h ad ju s t b een d e d u c ed by M o tt and Jo n es, and n o ted th a t for crystals of sm all axial ratio, such as m ag n e siu m , the p a rt of the F e rm i surface significantly affected by zone b o u n d a rie s c o rre sp o n d e d to those ele c tro n s m o v in g in all d ire c tio n s ap p ro x im ate ly p e rp e n d ic u la r to th e hexagonal axis. B ecause of th e tw o degrees of freed o m for such d ire c tio n s, th e d en sity of e lectro n states for such m o tio n s is relatively high, w ith th e re su lt th a t th e en ergy of th e F e rm i surface rises only ra th e r slow ly as th e e lectro n c o n c e n tra tio n is raised by th e a d d itio n of alloy e lem en ts of h ig h er valency. M ag n esiu m can th u s accept large ad d itio n s of such elem en ts, p ro v id e d th a t th e size and electro ch em ical factors are fav o u rab le. W ith zinc and c a d m iu m , how ever, th e g re a te r axial ratio p ro d u ce s a differen t situ a tio n . T h e critical p a rt of th e F e rm i surface is now th a t w hich c o rre sp o n d s to th e n a rro w pencil of m o tio n s a p p ro x i m ately parallel to th e hexagonal axis. T h e d e n sity of th ese e lectro n states is ra th e r low and so th e en ergy rises fairly rap id ly as m ore e lectro n s are added. It is th u s to be ex p ected th a t, w hen these m etals are alloyed w ith solutes of h ig h er valency, th ere is a g rea ter ten d e n c y for som e alte rn a tiv e crystal s tru c tu re to form , so as to give a low er energy, in w hich case th e range o f p rim a ry so lu tio n is lim ited.
In the th re e years leading up to 1939 R ay n o r, w ith the full and ac tive su p p o rt of H u m e -R o th e ry , m ade a w id e -ra n g in g in v estig atio n of B rillouin zone effects in alloys. As well as p rim a ry so lu b ilities and in te rm e d ia te phases th ey also stu d ie d the v ariatio n s o f lattice p a ra m e te r w ith c o m p o sitio n and in th is way g a th e red an im pressive m ass of evidence in favour of the view th a t changes in th e energy of co n d u c tio n electro n s d ue to zone b o u n d a rie s play a m ajor role in the c o n stitu tio n of alloys. P a rtic u la rly strik in g was th e ir w ork on the lattice c o n sta n ts of m ag n e siu m -b ase d p rim a ry solid solutions. T h e lattice c o n sta n t p e r p e n d ic u lar to the hexagonal axis varied sm oothly w ith alloy co m p o sitio n , as w ould be expected on the B rillouin zone view since the zone b o u n d a ry in th ese d ire c tio n s is alread y su rp a sse d in th e p u re m etal; b u t th e c o n sta n t along the h exagonal axis show ed a sh a rp change of slope at p recisely those c o m p o sitio n s w h e re th e in cre asin g e le c tro n c o n c e n tra tio n first p ro d u ce s, a c co rd in g to th e th e o ry , an overflow in to th e second zone along th is axis (2, 3). T h e c o n sisten c y of th ese effects w ith th e th eo re tic al p red ic tio n s, b ased on th e p rin c ip le th a t, w h en th e ele c tro n c o n c e n tra tio n overflow s a zone b o u n d a ry , th e c ry sta llo g ra p h ic plan es resp o n sib le for th is b o u n d a ry increase th e ir sp acing, p ro v id e d strik in g s u p p o rt for the B rillo u in zone th e o ry o f alloys. A p a rtic u la rly in te re stin g aspect of th is w as R a y n o r's ex p la n a tio n of th e lattice c o n sta n ts of m a g n e siu m -c a d m iu m alloys, in w h ich th e e le c tro n c o n c e n tra tio n rem a in s c o n sta n t w ith co m p o sitio n , b u t the ch a n g in g axial ratio a n d zone b o u n d a ry effects react u p o n one a n o th e r in a m o st co m p lex w ay, w h ich can be u n d e rsto o d fro m th e th eo ry .
T h r o u g h o u t th is w ork th e evidence for B rillo u in zone effects had to be d ise n ta n g le d fro m th e acco m p an y in g and often large effects of the ato m ic size and electro ch em ical factors, as well as o th e r su b sid iary co m p lic a tin g effects. In all th is R ay n o r show ed g reat in te rp re ta tiv e skill in m arsh a llin g and c o rre la tin g vast m asses of com plex e x p e rim e n tal facts and in e x tra c tin g fro m th em the really significant clues. M a n y of these c o m p lic a tin g factors p ro v id e d alloying effects of g reat in te re st in th e ir ow n rig h t, of course, p a rtic u la rly on th e fo rm a tio n o f in te rm e d ia te p h ases and on th e slopes of liq u id u s and solidus curves, and these also w ere follow ed up and ex p lo red assiduously. D u rin g th e w ar th e u n iq u e skills and facilities of the H u m e -R o th e ry and R ay n o r research g ro u p w ere m u ch in d e m a n d by the M in istrie s of S u p p ly and of A ircra ft P ro d u c tio n , and R ay n o r becam e fully engaged in technological alloy researches o f im p o rta n c e to the w ar effort, in p a r tic u la r on c a rb id es and n itrid e s in tita n iu m steels and, for the d ev elo p m en t of h ig h -s tre n g th airc ra ft m aterials, on the c o n stitu tio n of alloys such as the a lu m in iu m -m ag n esiu m -m an g an ese-zinc system . A lth o u g h scientific in te re st had n a tu ra lly to give w ay to practical n eed in this w ork, th ere w ere n ev erth eless significant benefits gained, for the po stw ar re su m p tio n of p u rely scientific research, in the d ev elo p m en t of m ore advanced e x p e rim e n tal tec h n iq u es and in the realization of the new o p p o rtu n itie s for fu n d am e n ta l w ork th a t w ere p ro v id ed th ro u g h the m u tu a l in te rac tio n s of the various solutes in m u lti-c o m p o n e n t alloys.
O ne technologically exciting discovery was th a t of u ltra -lig h t alloys, m ore ductile th an m ag n esiu m , o b tain ed by ad d in g ab o u t 3 0 a t.% of lith iu m to m ag n esiu m , w hich p ro d u ces a hom ogeneous b o d y -ce n tre d cubic phase (4). Sm all am o u n ts of o th er m etals w ere added to develop useful stre n g th s and the co rro sio n -resista n c e did not a p p ear to be un d u ly poor. H ow ever, th e ir lim ited w o rk -h a rd e n in g capability and readiness to soften by over-ageing, as well as a v u ln era b ility to e m b rittle m e n t by sodium im p u rity , lim ited the general practical dev elo p m en t of these very in te restin g alloys.
S c i e n t i f i c w o r k a t B i r m i n g h a m
T h e e n d o f th e w ar b ro u g h t a m ajo r change fo r R ay n o r. A t th e in v ita tio n of H a n so n , H e a d of th e D e p a rtm e n t o f M e ta llu rg y at B irm in g h a m U n iv e rsity , R a y n o r m o v ed th e re , in itially as an I .C .I . R esearch F ellow b u t later as R e a d e r and th e n as P ro fe sso r, to set up a new rese a rc h g ro u p on th e c o n s titu tio n o f alloys. H a n so n h ad ju s t su cceed ed in o b ta in in g a s u b sta n tia l g ra n t fro m th e D .S .I .R
O ne p ro b le m th a t R a y n o r im m ed ia te ly beg an to tackle at B irm in g h a m , th e accu ra te d efin itio n o f ato m ic sizes in alloys, was essen tial for the q u a n tita tiv e a p p lic atio n of th e im p o rta n t siz e -fa c to r ru le. T h e tra d itio n a l m e th o d had b een to use th e closest d istan ce of a p p ro a c h o f ato m s in th e crystal of th e p u re e lem en t, b u t th is raised m an y difficulties, for exam ple th ro u g h th e fact th a t g e rm a n iu m , w ith a sm aller ato m ic size th a n c o p p e r, ex p a n d s th e c o p p e r lattice w h e n in p rim a ry so lu tio n . R a y n o r e m p h a size d th e im p o rta n c e o f a valency effect in su ch b e h a v io u r (9) an d show ed, in p rim a ry so lu tio n s based on c o p p e r a n d silver, th a t w h e n th e tra d itio n a l size-facto r w as s u b tra c te d , th e re m a in d e r show ed a g rea t reg u la rity of lattice p a ra m e te r w ith valency, in w h ich th e lattice c o n sta n t in creased linearly w ith ( Dsolute -F solvent) ( e -1), w h ere V is va c o n c en tra tio n . R a y n o r called th is effect a 'valency e x p a n sio n ' an d co n sid e red th a t it was related to the ten d e n c y fo r th e e x tra ele c tro n s to rem a in close to th e ir p o ly v alen t ions. T h e local ato m ic v o lu m e ro u n d such a so lu te ion w o u ld th e n n eed to e x p an d , to red u c e th e local 'F e rm i level' to its average value for the alloy. O ne of th e m ain fields in to w h ich R a y n o r led his rese a rc h g ro u p , at B irm in g h am , w as th a t of tra n s itio n m etals in a lu m in iu m alloys. T h is sta rte d fro m P a u lin g 's th eo ry of cohesion, w h ich tre a te d th e 3d and 4s electro n s as jo in tly fo rm in g a b a n d of b o n d in g states and a n o th e r energy b a n d o f 'atom ic o rb ita ls ' som e of w h ich rem a in e d u n o c c u p ie d in th e p u re elem en t. T h e n u m b e rs of e m p ty o rb ita ls co u ld be e stim a ted fro m th e m ag n etic and cohesive p ro p e rtie s. R ay n o r a rg u ed th a t, acco rd in g to the M o tt and Jo n es ty p e of b a n d th eo ry , th e vacancies in th e 3d shell co uld be filled u p w ith e lectro n s from an e le c tro n -ric h m etal such as a lu m in iu m . It w as fo u n d th a t, on th e a ssu m p tio n th a t each a lu m in iu m ato m c o n trib u te s th re e e lectro n s to th e c o n d u c tio n b a n d and th a t each tra n sitio n m etal atom ab so rb s e lectro n s to th e m ax im u m capacity of its unfilled atom ic o rb ita ls, th e n in te rm e ta llic c o m p o u n d s such as the sequence fro m C rA l7 to N iA l3 are m o stly fo rm ed at a b o u t 2.05 c o n d u c tio n electro n s p e r atom . I his su ggested to R ay n o r th a t these are a ty p e of electro n c o m p o u n d , a view rein fo rced by th e d e m o n stra tio n of som e strik in g analogies b etw een c ertain te rn a ry phase d iag ram s, such as b etw een A l-C o -N i, A l-F e -C o , and A l-F e -N i, and also b etw een A l-C u -M n and A l-M n -Z n (5 -7 ). H e also sh o w ed th a t th e B rillo u in zone of C o2A19 is su ch th a t an in sc rib e d sp h e ric al F e rm i su rface h o ld s alm o st exactly th e n u m b e r of ele c tro n s as th a t c a lc u la te d fo r th is c o m p o u n d on th e a s su m p tio n th a t co b alt a b so rb s e le c tro n s eq u al to th e n u m b e r o f ato m ic o rb ita l vacancies p ro p o se d by P a u lin g . R a y n o r also re tu rn e d to an in te re s t th a t ste m m e d fro m his ea rlie r w ork w ith H u m e -R o th e ry an d his w a rtim e e x p erien ces w ith te rn a ry alloy sy stem s. In th e sim p lest case, for ex am p le o f tw o fav o u ra b le d iv alen t so lu tes in c o p p e r, th e p rim a ry so lu b ility lim it in th e te rn a ry field is e x p e cte d to satisfy th e ru le o f e le c tro n c o n c e n tra tio n and so to give a s tra ig h t iso th e rm a l ph ase b o u n d a ry across th e field, jo in in g th e tw o b in a ry so lu b ility lim its. D e v ia tio n s fro m th is s tra ig h t line, w hich of co u rse c o m m o n ly o c c u r in p ractice, can th e n be used as in d ic a to rs of th e im p o rta n c e of size an d e lectro ch em ical facto rs and of in te rac tio n s b e tw e en th e so lu te ato m s in p a rtic u la r alloy system s. A large n u m b e r of c o p p e r-a n d s ilv e r-ric h te rn a ry ph ase d iag ram s w ere ratio n alized and in te rre la te d on th is basis, and som e new effects w ere disco v ered . F o r ex am p le, in th e p rim a ry so lu tio n of m ag n e siu m and tin in silver, the h ig h e st e le c tro n c o n c e n tra tio n is reach ed at th e c o m p o sitio n at w hich the tw o so lu tes are in th e sam e p ro p o rtio n s as in th e c o m p o u n d M g 2Sn, even th o u g h th is c o m p o u n d does n o t e n te r in to e q u ilib riu m w ith the te rn a ry so lu tio n (8). C o rre sp o n d in g ly , in the s ilv e r-m a g n e s iu m -a n tim o n y system , w h ere th e c o m p o u n d s M g 3S b 2 and A g M g S b do e n te r into e q u ilib riu m w ith th e p rim a ry silv e r-ric h so lu tio n , the m ax im u m electron c o n c e n tra tio n in th e p rim a ry so lu tio n is reach ed w hen th e M g : Sb ratio is 1 : 1 ( 10).
In th e early 1950s a g reat challenge to the B rillouin zone th eo ry of alloys ap p e are d w ith th e resu lts of new e x p e rim e n tal m eth o d s for m ea su rin g th e actual F e rm i surfaces in som e m etals, n o tab ly in P ip p a rd 's d e m o n stra tio n in 1954 th a t the F e rm i surface in p u re c o p p e r already to u ch e s th e zone b o u n d a ry at an electro n c o n c en tra tio n of only one per atom . In th e w o rd s of R ay n o r (16) 'if the zone faces are already to u ch ed , th e Jones th eo ry w h ich req u ires co n ta c t only after th e ad d itio n of m ore e lectro n s p er atom by alloying becom es, on th e face of it, u n te n a b le '. R ay n o r, as also H u m e -R o th e ry , was greatly d istu rb e d by th is d e v e lo p m en t. A lth o u g h the e le c tro n -c o n c e n tra tio n alloying p rin cip les d is covered e x p e rim e n tally by H u m e -R o th e ry and R ay n o r rem ained in th em selv es as so u n d and firm as ever, they now ap p eared no longer to have a secure ex p lan atio n in term s of the q u a n tu m th eo ry of the m etallic A g rea t p ro b le m for any in te rp re ta tio n of alloy c o n s titu tio n in te rm s of c o n d u c tio n e lectro n c o n c e n tra tio n was to know w h at valency to ascribe to tra n sitio n m etals in so lu tio n . As H u m e -R o th e ry had alread y n o ted , the e x p e rim e n tal and th eo re tic al in d ic a tio n s o f this w ere co n fu sed and u n sa tisfa c to ry . R ay n o r disco v ered a m o st in g en io u s m e th o d of d e te r m in ing th e effective valencies o f th ese m etals w h en d issolved in c o p p er, silver and gold. P re v io u s w ork by R a y n o r & M assalski (1 1 ,1 2 ) h ad show n th at, in c o p p e r-b a se d te rn a ry alloys in w h ich the clo se-p ack ed hexagonal e lectro n c o m p o u n d is fo rm ed , the axial ratio varies sensitively w ith c o m p o sitio n b u t is alw ays the sam e at the sam e e lectro n c o n c e n tra tio n . By in tro d u c in g a tra n sitio n m etal as one o f the te rn a ry so lu tes and m ea su rin g th e axial ratio, th e c o n trib u tio n of th is m etal to th e c o n d u c tio n e le c tro n b a n d co u ld be ded u ced ; it w as by th is m eans th a t R ay n o r set o u t w ith his research g ro u p to d e te rm in e th e valencies of tra n s itio n m etals dissolved in m etals of th e c o p p e r g ro u p . T h e resu lts w ere m o st in te re stin g (13, 14). In alloys of low e lectro n c o n c e n tra tio n , solutes such as iron, co balt and nickel su p p ly one e lectro n p e r ato m to th e c o n d u c tio n b an d ; b u t w hen th e c o n c e n tra tio n is increased to w a rd s 1.5, on the so lu te -ric h side of the phase field, th e effective valency decreases to w ard s zero. T h is was in te rp re te d by R ay n o r in te rm s of F rie d e l's v irtu a l b o u n d 3d states, w hich are d eriv ed fro m th e 3d levels of th e tra n sitio n m etal atom , are confined in the alloy to th e vicin ity of these solute atom s, and lie in energy ranges th a t overlap th a t of the co n d u c tio n b an d . T h e se states co m p ete w ith the c o n d u c tio n b a n d for occu p an cy by th e available e lectro n s and, as th e F e rm i level increases w ith in creasin g e lectro n c o n c en tra tio n , m ore of th e ad d ed electro n s go in to th e v irtu al b o u n d states so th a t th e tra n sitio n m etal atom s m ake a red u c e d c o n trib u tio n to th e c o n d u c tio n b a n d and a p p e ar to have a valency a p p ro a c h in g zero.
In th e late 1950s th e b e h a v io u r of ra re -e a rth m etals in alloys also a ttra c te d R a y n o r's in te rest, for they raise general p ro b le m s a b o u t th e valency state ad o p ted in solid solu tio n and o f the variatio n of electro n ic c o n stitu tio n w ith co m p o sitio n . I he w ork th a t he and his g ro u p did on th o riu m -ceriu m illu strate s th is. C e riu m exists n o rm ally as a triv a le n t m etal of large atom ic spacing, b u t u n d e r p re ssu re sh rin k s to a co n tra cte d form w hich is co n sid ered to be tetrav a len t, ow ing to the p ro m o tio n of the C o n firm a to ry ev id en ce was o b ta in e d fro m several o th e r alloy system s, p a rtic u la rly th o riu m -la n th a n u m -c e riu m alloys in w h ich it p ro v ed p o s sible to vary th e c o m p re ssio n on th e c e riu m a to m -an d h en ce its e le c tro n ic sta te -by g rad u a lly a lte rin g th e lattice sp acin g of the th o riu m -la n th a n u m 'so lv e n t' th ro u g h changes in th e p ro p o rtio n s of these tw o 'h o s t' m etals (15). T h e effective valency of c e riu m in solid so lu tio n can th u s vary in th e ran g e 3 to 4, so th a t in th is case at least th e use of an ato m ic size d e d u c ed fro m th e p u re m etal w o u ld be q u ite u n reliab le , since the in te ra c tio n s in th e alloy p ro d u c e significant ch an g es in th e atom ic state. R a y n o r p ro v id e d a n o th e r exam ple of a sim ilar effect, in th e p a lla d iu m -y tte rb iu m sy stem (18). Y tte rb iu m , n o rm a lly a d iv alen t m etal th a t resem b les an alkaline e a rth , has an ato m ic d ia m e te r m u ch too large for p a lla d iu m , in w h ich it dissolves extensively. H o w ev er, acco rd in g to th e ev id en ce g a th e re d by R a y n o r (19), y tte rb iu m is triv a le n t in so lu tio n in p a lla d iu m and its ato m ic d ia m e te r is c o rre sp o n d in g ly red u c e d , as is co n firm ed by th e lattice spacing o f th e ph ase Y b P d 3 w h ich follow s after th e P d -ric h p rim a ry so lu tio n in th e phase d iag ram . T h e u n ex p ected ly h igh so lu b ility of y tte rb iu m is th u s due to th e red u c e d size of the atom in solid so lu tio n .
T h e call of th e U n iv e rsity of B irm in g h a m u p o n R a y n o r's services, first as D ean of th e F a c u lty o f Science and E n g in e erin g fro m 1966 to 1969 and th e n as D e p u ty P rin c ip a l fro m 1969 to 1973, n a tu ra lly d im in ish e d b u t did n o t e x tin g u ish R a y n o r's research activities, and in 1973 he re tu rn e d to th ese w ith ren ew ed v igour, m ak in g c o n trib u tio n s p a rtic u la rly in th e field of in te rm e d ia te phases. F o r exam ple, in 1977 he p u b lish e d a large stu d y of com plex m ag n e siu m -b a se d alloys th a t show ed how the fo rm atio n of m an y phases could be u n d e rs to o d system atically on the basis of tw o m ain featu res of m ag n esiu m : its stro n g ly electro p o sitiv e c h a ra c te r, w hich leads to p a rtly ionic in te rm e ta llic co m p o u n d s; and its large atom ic radius, w h ich favours the fo rm a tio n of L aves phases in w hich th e efficient filling of space by ato m s of specific atom ic rad iu s ratios and in specific p ro p o rtio n s is th e d e te rm in in g factor (21). N o t c o n te n t w ith c o n tin u in g actively w ith th e w ork on iro n alloys, after his no m in al re tire m e n t, R ay n o r also jo in e d w ith th e G .E .C . R esearch L a b o ra to rie s, W em b ley , in a critical assessm en t of te rn a ry goldco n ta in in g system s. H e g reatly enjoyed th is w ork a n d th e c o n tin u in g c o n ta c t w h ich it p ro v id e d w ith e n th u sia stic phase d iag ra m in v estig ato rs. 
